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Abstact: Background: The universal goniometer is commonly used to measure knee range of movement in clinical practice. However,
research has demonstrated that the universal goniometer lacks reliability failing to meet the standard of clinically acceptable error (5°).
Objective: This study tested the concurrent validity and intra-rater reliability of a photographic based “app” developed for feedback
in sport, the Hudl Ubersense App, as an alternative instrument for measuring knee range of movement. Methods: Measurements of
knee range of movement were made concurrently with the electrogoniometer (the gold standard) and the Hudl Ubersense App across
a pre-determined randomised set of 20 functional knee angles between 35° and 130°. This was then repeated. The pre-agreed
standard of concurrent validity was that 95% of Hudl Ubersense App measurements would be within 5° of the electrogoniometer and
differences were displayed in Bland-Altman plots. Results: Thirty nine (97%) of the forty app readings differed from the
corresponding electrogoniometer readings by less than 5°. The mean differences between the electrogoniometer and Hudl Ubersense
App measurements over each trial were 1.75° and 0.80° respectively, indicating a high level of concurrent validity. There was less
than 1.0° mean difference between the first and second set of results indicating a high level of intra-rater reliability. Conclusions: The
results suggest that the Hudl Ubersense App has high levels of concurrent validity (using the electrogoniometer as the gold standard)
and intra-rater reliability, scoring better than previous research on the current clinical measuring device, the universal goniometer. The
Hudl Ubersense App has clinical advantages over the electrogoniometer, so further research is recommended to determine its
inter-rater reliability, acceptability, and appropriate clinical practice procedures.
Key words: Mobile application, range of movement, knee, concurrent validity, intra-rater reliability.

1. Introduction
In clinical practice, heath care professionals use
goniometry to measure knee joint range of movement
accurately during treatment of knee injury or after
knee surgery. Measurements of range of movement
help to determine the presence or absence of
dysfunction, to provide evidence for clinicians on
patient progress, and to guide future management [1,
2]. Measurements can also provide patients with
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3TU, UK.

accurate feedback on their progress, which may aid
motivation, and contribute to patient satisfaction [3].
Accurate measurement of range of movement is also
important in research trials comparing effectiveness of
different treatments at an impairment level.
In the clinical setting knee range of movement is
generally measured using the universal goniometer,
whereas in research studies, where greater precision is
essential, electrogoniometer (EG) is preferable. The
advantage of the universal goniometer is its
accessibility, lack of expense, and simplicity [1], but its
accuracy has long been questioned [4].
Edwards et al. [5] compared knee range of
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movement measurements using the universal
goniometer with those recorded via radiography, and
found that 22% of the universal goniometer
measurements differed by 5° or more from those made
using an x-ray. They showed that intra- and inter-rater
correlation coefficients were 0.92 and 0.79
respectively when measuring range of movement with
a universal goniometer [5]. Trapper et al. [6] reported
a 5.07° mean difference between two measurements
obtained by the same person using the universal
goniometer, compared to a mean discrepancy of 1.15°
using a computer assisted navigation system.
Inter-rater reliability consistently underperforms
intra-rater reliability [7-9] with inter-rater differences
up to 19° [4], greatly exceeding what would be
considered clinically acceptable.
Electrogoniometers enable clinicians to measure
angles without identifying the moving centre of knee
rotation in that potentiometers can consistently
measure the angle between the axes of the femur and
the tibia. The flexible electrogoniometer has been
shown to have strong validity and reliability when
measuring knee range of movement [10-12].
Test-retest accuracy is high at different times, on
different days, and in different environmental
conditions [11-15]. Piriyaptasarth et al. demonstrated
that electrogoniometer intra-rater reliability was good
to excellent, and inter-rater reliability was moderate.
However, the assessor needs to apply the electrodes to
the limb very carefully. The exact fitting of the
electrogoniometer is essential for accuracy and this
requires precision and training [11]. The superior
validity and reliability of the electrogoniometer means
that it is the chosen instrument for measuring knee
range of movement in the research setting [16],
although many studies still use the universal
goniometer. However, there are some disadvantages
for clinical practice because of expense, complexity of
use and the need to attach electrodes, with resultant
risks for transmission of infection.
Given the low reliability of the universal

goniometer, the risks of infection, and expense of the
electrogoniometer, currently (2019) approximately
£600 [4, 11], there is a need for a reliable and
convenient method to measure knee range of
movement [17]. In recent years the advent of
smartphones and tablets has brought a range of new
technological applications (apps) which could be used
to measure joint range of motion (ROM), using the
potentiometers and cameras built into the devices.
Phone apps permit simple, fast and inexpensive
measurements on devices (phone or tablet) which are
often readily to hand [18]. It seems possible that these
might also offer better and more reliable options than
the universal goniometer and electrogoniometer.
Given that the reliability and validity of instruments
used to measure range of movement are important for
evaluating clinical practice, and also for the
interpretation of research results [4], it is important to
establish the validity and reliability of these apps [19].
The Hudl Ubersense App (HUA) is marketed as a
coaching tool that provides feedback on technique and
movement to help an athlete improve their
performance [20]. Possession of a smartphone is
common place amongst clinicians and departments
often have tablet devices available. There is no charge
to use the app.
The app generates a video which can be frozen as a
still image. Lines are applied to the joint axes in the
photograph from which the app calculates the joint
angle. Once a joint has been photographed the angle
of the joint can be checked or re-measured at any time
by other professionals, improving potential inter-tester
reliability and providing photographic records for
tracking range of movement over time, facilitating
greater assessor transparency [21, 22]. Furthermore,
camera-based measurements have the benefit of not
requiring contact with the patient’s skin, which
minimises infection risk in the clinical setting and
they may help to improve patient adherence to
treatment by showing the patient sequential pictures
demonstrating the change in range of movement [22].
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The purpose of this research is to assess the
concurrent criterion validity of the App as a measuring
instrument for knee range of movement, by comparing
it to the recognised gold-standard electrogoniometer,
and also to establish its intra-rater reliability. It is
hypothesised that the App is a valid and reliable
measuring instrument for knee range of movement
when used by the same person.

2. Materials and Methods
The study was approved by Coventry University’s
Health and Life Sciences Ethics and Governance
Committee. A male volunteer was recruited via word
of mouth who met the inclusion criteria; unimpaired
knee function, English speaking, and aged between
19-60 years of age. Written informed consent was
obtained from the participant. The experimenter was a
physiotherapist currently in clinical practice.
The electrogoniometer used was a Twin Axis
Goniometer SG150 (Serial Number: 83502 2911)
which was used with the Angle Display Unit ADU301
(Fig. 1). The electrogoniometer was calibrated as per
the manufacturer’s guidance. The values of the
electrogoniometer were, on average, 1° above the
universal goniometer.
To allow accurate measurements to be taken and
reduce user error, three bony landmarks were marked

Fig. 1

Calibration of the electrogoniometer.
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by crosses (using an indelible marker) on the
participant’s skin (see Fig. 2): at the distal flare of the
greater trochanter, at the lateral condyle of the tibia in
line with the head of the fibula, and at the proximal
flare of the lateral malleolus. A line was drawn on the
distal third of the femur and on the proximal third of
the tibia where the identified bony landmarks aligned
using a metal metre rule. The electrogoniometer was
then fixed with double-sided tape onto the lines drawn
on the skin.
Errors might be made due to parallax in transposing
3D to 2D images, so standardised procedures were
used to ensure that the device taking the images was
parallel to the measured limb. The setup of the camera
and subject position (seated) was standardised
throughout the experiment following similar
procedures to those carried out by Naylor et al. [21].
To further improve the standardisation of this
procedure the tablet (Samsung Galaxy Tab 2) was set
to be vertical using a spirit level. To ensure the
measuring tablet was perpendicular to the floor, two
plumb lines and marking tape were used (see Fig. 3).
The chair was set parallel to this marked line. This
“squaring system” ensured the image (knee joint) was
90° to the tablet view finder and that the 2D image
taken was not distorted by problems of parallax.
The participant was assessed on 20 different knee
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Fig. 2

Location of bony landmarks.

Fig. 3

The standardised set up procedure.

angles over the clinical range expected (i.e. 35°-130°),
in a pre-set determined random order, to which the
assessor was blinded. The participant moved his knee
to the prescribed angles using the electrogoniometer,
and the assessor took measurements using the App (see
Fig. 4 for display on app).
Data were analysed using a Bland-Altman plot,
which presents the differences between individual
measurements on two instruments, avoiding the loss of
detail in methods that use average levels of agreement
[23]. The mean and standard deviations (SD) of these
differences enable an estimation of how far apart
measurements by the two instruments are, and indicate

their level of agreement. The pre-set level of agreement
was that a minimum 95% of measurements taken by
the App should agree with those of the
electrogoniometer by less than 5°.

3. Results
3.1 Trial 1
In the first trial of 20 randomised knee angles, 19 of
the app readings (95%) differed by less than 5°
from the corresponding electrogoniometer readings
(Table 1). All but one of the range of movement
measurements were recorded as greater when using the
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Fig. 4

App calculating knee angle.

Table 1
Sequence
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
Mean (°)
SD (°)

EG and HUA measurements from trial 1 (EG “set up in the seated position”).
EG angle (°)
40
70
80
120
35
74
99
60
45
84
114
50
105
54
64
109
131
95
126
90
82.3

HUA angle (°)
38
68
82
114
34
74
96
60
45
82
111
47
102
52
63
105
130
94
125
89
80.6

Mean (°)
39
69
81
117
34.5
74
97.5
60
45
83
112.5
48.5
103.5
51
63.5
107
130.5
94.5
125.5
89.5
81.3

Difference (°)
2
2
-2
6
1
0
3
0
0
2
3
3
3
2
1
4
1
1
1
1
1.75
1.77
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electrogoniometer compared to the app. Eighteen (90%)
of the data points fell within ± 1.96 SD limits specified
in the Bland-Altman plot (Fig. 5). Although this plot
might suggest higher differences at larger angles, the
intra-class correlation coefficient between the two
instruments was 0.997 or higher in both of the trials.
3.2 Trial 2
In the second trial of 20 randomised knee angles, all
20 readings (100%) taken by the app differed from the
corresponding electrogoniometer readings by less than
5° (Table 2). All but two readings were higher when
measured by the electrogoniometer. All except one
reading (95%) were within the ±1.96 SD limits
specified in the Bland-Altman plot (Fig. 6) which may
again show slightly elevated differences at larger
angles.

4. Discussion
The results of the two trials show high levels of
agreement between the App and the electrogoniometer

when used to measure knee angles between 35° and
130° under specific conditions. Thirty nine of the forty
measurements of knee range of movement (97.5%)
made by the App differed from the measurements made
by the electrogoniometer by less than 5°, and this
indicates high levels of concurrent validity. This result
satisfied the pre-set standard that 95% of readings
should be within 5°, and is better than that found in
research testing the universal goniometer [6] (previous
research observed that 22% of the universal
goniometer measurements differed by 5° or more [5]).
All but 3 readings fell within the ±1.96 SD limits
indicated on the Bland-Altman plots to show levels of
agreement [24].
The results of trial 1 were very similar to trial 2, with
the mean difference between the methods of
measurement falling from 1.75° to 0.80°, indicating
much higher levels of intra-rater reliability than those
found with the universal goniometer [6]. The findings
have significant implications for clinical practice as
the app is simple to use, cheap and potentially largely

Difference between methods (EG ‐ HUA (°)

7
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4
3
2
1
0
20
‐1

40

60

80
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‐2
‐3

Fig. 5 Bland-Altman plot of electrogoniometer knee range of movement and app knee range of movement (trial 1).
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Table 2 Electrogoniometer and app measurements from trial 2.
Sequence

EG angle (°)

HUA angle(°)

Average (°)

Difference (°)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
Mean (°)
SD (°)

75
49
35
80
130
90
110
69
104
45
95
116
55
86
65
40
124
100
59
120
82.3

73
49
34
78
130
87
108
69
105
45
95
112
55
86
66
39
122
99
61
118
81.6

74
49
34.5
79
130
88.5
109
69
104.5
45
95
114
55
86
65.5
39.5
123
99.5
60
119
81.95

2
0
1
2
0
3
2
0
-1
0
0
4
0
0
-1
1
2
1
-2
2
0.80
1.47

Difference between methods (EG ‐ HUA
(°)

7
6
5
4
3
2
1
0

‐1

20

40

60

80

100

120

140

Mean KROM (EG + HUA/2) (°)

‐2
‐3

Fig. 6 Bland-Altman plot of electrogoniometer knee range of movement and the App knee range of movement (trial 2).
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accessible; advantages shared with the universal
goniometer mean that it could potentially replace the
universal goniometer in the clinical setting.
There was an improvement in levels of agreement
between electrogoniometer and App readings in trial 1
and trial 2 from a mean difference of 1.75° to 0.80°.
The maximum and minimum limits of agreement (set
by the Bland-Altman approach at ±1.96 SD) for trial 1
came out at -1.7° and 5.2° (a range of 6.9°), but the
range between these decreased in trial 2 to 5.8° (-2.2°
to 3.6°), indicating narrower limits of agreement. The
improvement in results from trial 1 to trial 2 may be
due to learning effects and familiarisation of the tester
to the measuring device, for example in more
accurately drawing the axes with the App. To confirm
this familiarisation effect and other aspects of
intra-rater reliability, further research with a larger
sample is required. Experience from this initial study
suggests a practice session involving 20 measurements
may be sufficient to familiarise a user with the app.
Additional research is necessary to see if further
improvements would be possible with further use, or
whether 20 measurements are sufficient for
familiarisation.

5. Conclusions
The results of this study give rise to the hope that the
App may be superior to the universal goniometer for
use in clinical practice. Further research needs to be
carried out to verify these results. Although the results
of this study are within the clinically significant level
of 5° of error, the methods employed involved stringent
standardisation procedures not practical in the clinical
setting.

6. Limitations of the Study
This was a small study under rigorous conditions
testing concurrent validity and intra-rater reliability of
a new measuring device for knee range of movement.
The results need to be tested over a larger data set to
see if these results are repeatable.

In particular, it is impossible to see from the small
data set whether the levels of agreement are similar
over the whole range of measurement. A very small
tendency for the differences between the measuring
tools to be smaller or negative at lower flexion angles,
and more strongly positive at higher flexion angles,
may be detected in the Bland-Altman plots (Figs. 5
and 6), indicating that the electrogoniometer slightly
overestimates the higher flexion angles or that the app
underestimates them. A larger sample of data points
would enable a rigorous test for the presence or
absence of this tendency.
The rigorous methods used to avoid problems of
parallax which might have created error in making the
photographic 2D record would not be possible in
clinical practice. Experiments to repeat the
measurements under clinical conditions are necessary
to assess the metrics of the App as it would be used.

7. Recommendations for Future Research
This research needs to be repeated with a larger data
set to assess for variations in levels of agreement
between the two methods of measurement across the
range of knee range of movements.
It is also recommended that a similar study with less
standardisation of the position of the electronic device
and of the subject is required, typical of what would
happen in the clinical situation or in the patient’s home.
This would indicate whether the 3D picture could
accurately be transposed to 2D in a less formal
environment.
This study focused on one healthy subject, who was
not experiencing any knee pathology. Further research
should be carried out involving a larger number of
subjects with varying body shapes and sizes to
ascertain whether these present problems in identifying
bony landmarks which in turn affect angle
measurements. A study involving target populations
such as people with knee arthroplasties would be
beneficial to assess the app’s accuracy when measuring
swollen joints.
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A study assessing the inter-rater reliability of the app
is also required. Some aspects of inter-rater reliability
are much easier to check using the app since a
photographic record would be available to compare
assessors’ processing. The app also has the potential
for use at home by patients. Inter-rater reliability needs
to be tested with service users and carers for use in
telemedicine and for home monitoring, as well as
among health professionals. Such home use could give
service
users
greater
independence
and
self-responsibility to record their own range of
movement. Telemedicine, in which users could send
accurate readings of their own range of movement to
their consultant or health professional, has the potential
to avoid the costs and inconvenience of travel to
unnecessary face-to-face check-ups.
The app shows high levels of concurrent validity and
intra-rater reliability for measuring knee range of
movement on initial testing. Further research is
required to assess more fully whether this App can
become a valid, reliable, and useful clinical measuring
tool.
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